The opportunities for human immunodefiency virus (HIV) care and treatment created by new treatment initiatives promoting universal access are also creating unprecedented opportunities for persons with HIVassociated immunosuppression to be exposed to patients with infectious tuberculosis (TB) within health care facilities, with the attendant risks of acquiring TB infection and developing TB disease. Infection control measures can reduce the risk of Mycobacterium tuberculosis transmission even in settings with limited resources, on the basis of a 3-level hierarchy of controls, including administrative or work practice, environmental controls, and respiratory protection. Further research is needed to define the most efficient interventions. The importance of preventing transmission of M. tuberculosis in the era of expanding HIV care and treatment in resource-limited settings must be recognized and addressed.
TB. Health care workers themselves might have HIV infection and, thus, might be subject to these increased risks [7] . Thus, the importance of preventing the transmission of M. tuberculosis in the era of expanding HIV care and treatment in resource-constrained settings must be recognized and addressed.
Little research and limited resources have been expended on TB infection control during the past 50 years. Infection control is not a prominent feature of the current global strategy to control TB [8] . The global TB effort needs plans, structure, goals, indicators, and a budget, to address the ongoing issue of institutional transmission. The increase in the incidence of multidrug-resistant TB (MDR-TB) and the emergence of extensively drug-resistant TB (XDR-TB) among HIV-infected populations may generate the political will to focus attention on the spigots that are producing TB cases faster than they can be identified and treated [9, 10] . Despite growing evidence that institutional transmission is a critical factor in epidemic HIV-associated TB and MDR-TB, many argue that the evidence proving that community transmission is not playing an equally important role in resource-constrained settings is not available. A top priority, then, should be to obtain that evidence, so that resources will be directed toward protecting workers, patients, and other occupants in buildings, including but not limited to health care facilities, residential AIDS facilities, prisons, refugee camps, and worker hostels.
RISK OF M. TUBERCULOSIS TRANSMISSION
The occupational risk of TB for health care workers has been reported since the early 20th century. In 1928, an investigation in Norway found that 95% of 220 student nurses acquired TB infection, as documented by tuberculin skin test conversion, by their graduation, and 22% developed TB disease [11] . Other studies from the United States during the preantibiotic era confirmed that health care workers were at increased risk of developing TB disease, compared with the general population [12, 13] . With the introduction of anti-TB chemotherapy and ambulatory (in place of inpatient) treatment, both the overall incidence rate in the general population and the occupational risk of TB declined in the United States and other developed countries until the mid-1990s. At that time, the HIV epidemic, among other factors, led to increasing TB rates [14] , and this resurgence of TB was associated with many hospital-based TB outbreaks. These outbreaks affected not only health care workers but also patients, most of whom had HIV infection. Most outbreaks also involved MDR-TB [15] [16] [17] [18] [19] .
Little information about occupational risks for TB among health care workers in resource-constrained settings in subSaharan Africa, Asia, or Latin America was published until the mid-1990s. At that time, reports from Thailand and Cô te d'Ivoire documented high rates of TB infection among health care workers, with stratification showing an association of higher infection rates with longer duration of work in health care settings or with more patient contact [20, 21] . In Malawi in 1996, the relative risk for TB disease among the clinical staff of 43 hospitals providing services for patients with TB was 11.9 times that in the general population of comparable age [22] . More recently, an investigation of TB among staff at a large urban hospital in Kenya found that, from 2001 through 2005, TB case rates among the staff were 2-3.5 times higher than rates in the general population [23] . In that investigation, 2 hospital-related exposures were significantly associated with TB among staff: (1) the number of hours of patient contact and (2) working in hospital settings where patients with TB receive care, including inpatient medical wards, the emergency department, and the TB clinic. Factors unrelated to work, including self-reported HIV infection and living in an urban slum, were also significantly associated with TB.
Some of the increased risk for TB disease among health care workers in these reports is likely related to the HIV epidemic. Health care workers have been documented to have increasing rates of HIV infection in settings with generalized HIV epidemics [7] . HIV-infected health care workers are more likely than health care workers without HIV infection to develop TB from activation of preexisting latent infection [24] . They are also, however, more likely to experience rapid progression to disease after new infection or reinfection, which can occur in the health care setting [25] [26] [27] . HIV-associated immunopathology has not been shown to increase the incidence of acquisition of initial infection with M. tuberculosis. Thus, the reports of increased prevalence of infection associated with patient contact and duration of employment provide evidence of likely transmission within health care settings.
Most of the reports cited above involve hospital inpatient wards as sites of M. tuberculosis transmission to health care workers and patients. However, as new HIV service settings are established in resource-constrained areas, other potential sites of transmission are appearing. For instance, studies in areas with high rates of TB and HIV infection have shown that, among persons with HIV infection accessing voluntary counseling and testing (VCT) or antenatal services, up to 11% have previously undiagnosed TB disease [28] [29] [30] . Up to half of these persons may have infectious TB.
In addition, several recent reports document that the incidence of TB disease remains high even after HIV-infected patients begin receiving antiretroviral therapy (ART). In Abidjan, 129 patients receiving highly active ART (HAART) had an overall incidence of TB of 4.8 cases/100 person-years [31] . In rural Uganda, an incidence density of 3.6 cases/100 person-years was documented among almost 1000 persons receiving HAART [32] . Patients such as these are attending HIV care clinics and other HIV care services, such as community support programs, and can be a source of M. tuberculosis transmission in those settings. Because of the dual morbidity of TB and HIV infection, some programs are attempting to provide TB and HIV care in one clinical setting [33] . This can improve clinical management and is convenient for the patients affected by both diseases, but careful attention to infection control will be necessary so that program integration does not increase the risk of M. tuberculosis transmission.
Although M. tuberculosis transmission has not been documented frequently in the outpatient setting, in the Malawi study, the site of work (i.e., inpatient wards vs. outpatient departments) was not significantly different between health care workers with TB and those without TB [23] . Also, because the diagnosis of TB disease in persons with HIV-associated immunosuppression is often delayed, particularly in those with negative acid-fast bacilli sputum-smear results, there may be more time for potential exposure for health care workers and other patients [34] .
TB INFECTION CONTROL
As noted above, the likelihood of persons with unsuspected infectious TB spending time in HIV care facilities currently being established in resource-constrained settings, with the at-tendant risk of spread of M. tuberculosis to other immunocompromised patients or to staff, is high. These settings include any outpatient facility where HIV-infected persons receive diagnosis, care, treatment, and support, such as VCT centers, clinics for the management of opportunistic infections, ART clinics, and support clubs for people living with HIV infection. Also, in some areas, primary health care clinics serve patient populations with a high prevalence of HIV infection, as well as with a high prevalence of TB, both recognized and undiagnosed. Inpatients on hospital medical and pediatric wards are also likely to have a high prevalence of HIV infection.
Infection control measures can reduce the risk of M. tuberculosis transmission even in settings with limited resources [35] [36] [37] . TB infection control is based on a 3-level hierarchy of controls, including administrative or work practice, environmental controls, and respiratory protection [38] . Some aspects of the controls will differ between inpatient and outpatient settings, but the priorities and basic approaches are the same. The Appendix contains multiple references with information and tools for implementing TB infection control programs in HIV care settings in resource-constrained settings. The general principles are described here.
Work practice and administrative control measures are the first line of defense against M. tuberculosis transmission within facilities caring for people with HIV infection. Their goals are to prevent exposure of staff and patients to TB and to reduce the spread of infection by ensuring rapid and appropriate diagnostic investigation and treatment for patients and staff suspected or known to have TB. This can best be accomplished through the prompt recognition and separation of persons with potentially infectious TB disease, followed by prompt provision of TB and HIV services. Components to good work practice and administrative controls include the following [37] :
• An infection control plan • Administrative support for procedures in the plan, including quality assurance
• Training of staff • Education of patients and increasing community awareness • Coordination and communication between the HIV and TB programs Environmental controls are the second line of defense for preventing the spread of TB in HIV care settings; however, administrative controls must be in place to ensure the proper operation and sustainability of these environmental controls. It is important to recognize that if work practice or administrative controls are inadequate, environmental controls may not reduce risk as effectively. Environmental controls include ventilation (natural and mechanical), room air cleaners (generally filters or UV germicidal irradiation [UVGI]), or UVGI in the upper room. The optimal use of interior space to reduce crowding is both an administrative and environmental issue.
Some environmental control measures are technologically complex and expensive and, thus, more appropriate for referral hospitals. However, well-designed natural ventilation can reduce the risk of spreading TB. Natural ventilation relies on "free movement" of air through open doors and windows. Even in warm climates, however, windows and doors are often closed tight for security and warmth at night, when patients are most likely to be indoors, thereby limiting the efficacy of natural ventilation unless the building is designed with consideration of natural ventilation. Fans (exhaust and mixing) or "open ventilation channels" may also assist in this process and distribute the air. If patients are asked to provide sputum specimens for TB diagnosis on site, they should always do so outside in the open air and away from other people or in a specially ventilated booth, not in small rooms such as bathrooms or other enclosed areas.
Under high-risk conditions, where ventilation alone is estimated to be insufficient, the use of upper-room UVGI may be indicated. Studies show that M. tuberculosis organisms are killed if they are exposed sufficiently to UVGI, although efficacy is reduced when relative humidity is 170%, which is a common condition in many resource-limited settings. The goal in the design and installation of upper-room UVGI is to maximize the UVGI in the upper room and maintain the UVGI at a level in the occupied space that will cause no harm to occupants. Financial investment is required for initial installation costs, but maintenance costs are relatively low. With poor maintenance, such as allowing dust to cover the lamps or not replacing lamps on schedule, efficacy may be reduced.
With a slight increase in resources over UVGI, a ventilation system can supply air at one location in a room; this air is swept across the room and exhausted at the other end. This is quite cost-effective in areas with moderate climates. In some regions, however, air must be heated in the winter to ensure that the ventilation provides tempered air to occupied spaces; if it is not, then the ventilation will not be a sustainable intervention, because of staff or patients turning it off.
The last tier of protection for health care workers is respiratory protection. If fitted and used properly to prevent faceseal leaks, a personal respirator can, in theory, greatly reduce the chance that inhaled air will contain infectious tubercle bacilli. Even a poor respirator or face mask that filters only 50% of inhaled particles has the equivalent effect, in theory, of a doubling of room ventilation, and at a fraction of the cost. Perhaps the greatest limitation of respiratory protection, however, is that it cannot be worn continuously and is unlikely to be in place when treating a patient with unsuspected infectious TB. Respirator use is clearly indicated during high-risk procedures, such as sputum induction, bronchoscopy, or postmortem examinations. Under those circumstances, formal training and periodic fit testing has been recommended for maximum performance [38] .
One final issue critical to TB infection control is that of increasing access to VCT and to HIV care-including ART, if indicated-among health care workers. Encouraging and enabling health care workers and all staff to know their HIV infection status should be a priority of all health care services and of HIV care programs, in particular. The rate of HIV infection among health care workers and staff may be similar or even higher than that in the broader community [7] . In the past, stigma, lack of confidentiality, and lack of treatment options have contributed to failure of health care workers to know their HIV infection status. These conditions are changing [1] .
Encouraging and enabling health care workers and all institutional staff to know their HIV infection status can be facilitated by providing accessible, acceptable, and confidential VCT. Policies that prioritize ART for health care workers and staff who need it can motivate such individuals to know their HIV infection status. Similarly, training and policies should be in place to enable health care workers and staff to recognize early symptoms of TB in themselves and to seek clinical evaluation without fear of stigma in the workplace. Health care workers are a valuable resource, and they must receive adequate care and treatment to remain healthy and in the workforce. Furthermore, HIV-infected health care workers and other staff are at increased risk of developing TB disease if exposed in the workplace, and additional precautions should be taken to protect them. Immunocompromised health care workers should be given opportunities to work in areas with a lower risk of exposure to TB.
THE NEED FOR ADDITIONAL RESEARCH
The current level of knowledge about the most effective TB infection control practices in resource-limited settings is far from complete. However, operational research can further inform practice. Areas in which carefully collected and analyzed data would be useful include the following:
• Screening tools and algorithms to quickly identify potentially infectious patients with TB presenting for HIV services
• Strategies for increasing the proportion of health care workers who know their HIV infection status and are able to access adequate care, including ART and isoniazid preventive therapy 
BEYOND HEALTH CARE SETTINGS
Although this discussion focuses on health care settings in an era of expanding ART, these same persons come together in many other institutional settings where transmission is as likely and where similar interventions are possible. These congregate settings include but are not limited to residential AIDS facilities, prisons, jails, and refugee camps. Specific recommendations for some of these settings are included in the Appendix. 
